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Shear bond strength analysis of non beryllium PFM metal with
degassing and opaque firing techniques
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Abstract This study is to compare the differences of bonding strength based on the Degassing temperatures and
various opaque materials for Ni-Cr alloy specimen which does not contain beryllium(Be). Numerous comparison
tests have been performed to measure the bonding strength by experimenting 3-point flexural rigidity tests in order
to find out ways of stabilization and enhancement of bonding strength between metal and porcelain. AVOVA,
surface component observation experiment by SAM/EDS, and Tukey’s HSAD posteriori tests results are as
follows: First, The bonding strength in all groups has exceeded the minimum (25MPa) of ISO9693 bonding
strength regulation for dental mental-porcelain specimen. Second, The bonding strength of Group V1 was
32.3741.91 MPa, 38.25+1.38 MPa in Group V2, 46.43+2.14 MPa in Group V3 and 47.21+1.72 MPa Group V4.
The difference has been statistically meaningful. Tukey’s HSAD posteriori tests results have shown that the
bonding strength in Group V4 was higher than that of Group V1. Third, the bonding strength between metal and
porcelain without degassing process was higher than that of with degassing process, and the bonding strength of
powder opaque was higher than that of paste opaque. Fourth, Group V4 has ranked the highest on the comparison
table of metal and porcelain bonding strength.
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T4 201 ARYES] T AR 9FL Fo Y @ BT BEYEAZ 128 2 1hro] BX, 248
ol T ATt el EEsHL, AYT VA A8 2 glol B2 BEY A
AR, et 2l (degassing) ] Aol W2 AFAEE opaque liquids E313}0], wash FJEHIZ T3x, &4
e T, EYT Y BFEYEAR 1242 hro] BE, &
EA, 5594 EAl(opaque)E paste ‘FENS] opaquest, A3
powder A1) opaque ol§3tel AR, 2 @R NiCribgol WAF ¥ FAH FEARL
AR, ARE 3 B AEAPeR AVAES S 10714 2F 40709 FEANE A4S AT Table 2],
gste] Wl A¥skal SEM/EDS #4135tk
Table 1. Degassing treatment conditions for surface
oxidation
AlS{HIEH i
2- E%I CJI‘ = Low Preheat | Heat Vacu Vacuum High Hold
Temper i m Temper .
ature Time Ratel Level Release ature Tlrlne
21 AI'._’IJHI&.F 0) (sec) | (°C/min) (cm/Hg) (°C) °0) (min)
B Ao plal=o 1oz 9o o AL z
= AEE MEES B waoR AUHE A vive| 600 | 15 60 55 | 970 | 980 5
15 v %31

= N
ksl 2] (degassing) 9} wash opaqueE2] o2 w4 AIH Table 2. Specimen groups by the firing method for

< 25mmx3 mmx0.5 mme| S 2= A S A= s} the(flexure) bonding test
Atk Al¥e] =7]%E YA e vlo] AR EZ +0.01 mm Vi V2 Vv V4
9,] 261 Q—Ei %@3}9\15}. 1 degassing | non-degassing degassing non-degassing
B AgelA e el(degassing) 9t AF8HA (o sl B el
. _ - = . _ 2 | Paste opaque | Paste opaque | opaquetliqude | opaquetliqude
degassing) & AAA| v 7 Al-o] HY A Axy mix mix
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e . T . N E51 Z7(opaque porcelain)2] A|Zte] =¥ AlA
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Azl AN whek A AEA Aol 2 BE e e e s e e o
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Fig. 1. Dental metal-ceramic specimens prepared in this
study.

Table 3. Firing schedule degas, opaque & porcelains
(Vacuum firing / 730mmhg)

Low High
Temperal Prgheat [Heat Reat| Vacuum |Vacuum Temperal H.Old
Time [ o~ . Level | Release Time
wre | ooy | COMIN| cobig) | eC) | €| (min)
(°C) (°C)

Ist past 1(with
D] 500 8 65 73 979 | 980 | out
aque

vacuum)
1(with

Btpastel 500 | g | e | 73 | 959 | 960 | out
Oaque

vacuum)

Wash | gso |3 | ss | 73 | 9o | a0 | o
Opaque
Ist
Powder | 650 3 55 73 949 950 0
Opaque
2st
Powder | 650 5 55 73 939 940 0
Opaque
Dentin 600 6 45 73 929 930 0
Glazing | 600 5 50 73 - 920 0

Super Pocelain Ex-3, Noritake Co., Japan, Lot #80925(Wash
opaque), Lot #99702(Dentin).

23 ZEE

231 ZEZ=RHE =23 ANF)

Metal-ceramic A|AE2] A= 1SO 96930 uf
2} A5 A8 7](Instron 3344, Instron, Co., U.S.A.)°lA
A3 A2 20mme] 33 w5Y AlY AAE o] &ote]
45k THFig. 2].

AFELS XA™ Fo] o2 it Tl FYolA
1.5 mm/min®] £E2 35S 718k

ol F&o2RE At o Welsted 5%
o e Aol whet th2 A Ve ) et
15 N oJ3t&2 YERER 100 No| 4 2= A& A}
&3k

5% =A9 ®Ee oA

debonding o] Aol wrA] %S sketA.

EAFe] @
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Loading

Be free metal plate

Coating layer
Porcelain veneer

2 mm

1
i 20 mm

Fig. 2. Specimen and test configuration of ISO 9693
3-point bending test for metal-ceramic bonding
strength.
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Fig. 3. Digital an electron microscope
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SAA S st S8t
EA ZZ1(SPSS Statistics 20.0, IBM, Chicago, IL,
USA)E ol&ato] EAH AT

Au)x] EAHEA (one-way ANOVA)S 15 7H9]
Apol & A7 1A Ald H AT A A (Tukey
Honestly Significant Difference test) 1% ZFe] 7
2 Zolg Hlwaty] AlFEHUT SAA fFolFEES

0.052 39}

5 e
T SA4E A9e2
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A

Al zd

=

w
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P

|

HE o] FreA B2 55248 Ni-Crad=3 Al
2b) Atolo] ARAEE Hrlel] f18te] 34 w3 AlE
(three-point bending test)S 33}t AlHS A4
S RS 47 Sigte] A @v]%(Scanning
Electron Microscope: SEM)©] ARE H 3 AL W] 7
of Fz¥ 248 33 7](Energy Dispersive x-ray
Spectroscopy: EDS)E ARE3to] -4 UAE E4519
o} 2= A3E 1SO 96939 F4-=A7F H A4 A%
22l 25MPas ©]-8-3ke] A LAHEA A3t VI
£ (3237+1.91 MPa), V22 (38254138 MPa), V3i
© (46.43£2.14 MPa) “LE]31 VAT (47.21£1.72 MPa)
To® AZHYL, FAHSE Fogk xfo]lE BTt
(Table 4-1 #=x). A% A (Tukey’s HSD test) 23},
AT vas 294 % AFAI Q2 VIEY =7
eI CL[Table 5]

rlo

of

Table 4. Mean and standard variation of the bond
strength(MPa) according to surface treatment

MPa
95% CI
Group| N Mean' Staqdqrd Min | Max
eviation

Lower | Upper
V1 10 | 3237 1.91 30.24 | 3622 | 3099 | 33.74
V2 10 38.25" 1.38 36.68 | 40.64 | 37.26 | 39.25
V3 10 46.23° 2.14 46.38 | 49.78 | 44.89 | 47.96
V4 | 10 47.21° 1.72 4497 | 50.26 | 45.97 | 48.44

#. Different letters indicate significant differences according to
Tukey’s HSD test(P<0.05).

4361

Table 5. One-way anova results on the bond strength
of all groups

Sum of Degree of .

squares | freedom (df) [Mean squares| F-ratio P-value
Inter- 1 509 587 3 500.196 | 151.628 | 0.001
group
Intra-

118.758 36 3.299
group
Sum 1619.345 39

Table 6. SEM/EDS analysis (%)

Element

Group
C (0] Al Si Ti Cr Ni Nb Sn
V1 1537 4476 7.74 1273 145 1.99 14.13 1.84
V2 14.68 31.90 9.06 12.01 1.40 4.26 2479 1.89
V3 11.85 3420 10.17 1535 0.90 578 14.54 1.55 537
\ 1233 38.55 339 20.15 0.80 233 8.72 0.81 7.02
MPa
55.00—
50.00—
=
2 45.00]
2
©»
=]
£
2 40,00 |
S
[as]
35,00
30,00

T T T
1 2 a 4

Treatment

Fig. 4. Means and standard deviations of bond strength
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A

3 =S AT A9 vl dgdde A

= H 01 = ;:l
A V1 30.24 MPaoll 4| 36.722MPa AFe] 2 e}
AFT V2E 36.68-40.64MPa, V3 43.38-49.78MPa

123l V4% 44.97-50.26MPa® LHERSE

rlr

N

1—51,

o] ISO 96939] X218 F&-Agta Alde] Hx 2
L] A9 25 MPaZ A 9= A B} =
gtth. o] tdk ANOVAREA A P value FFo] .005

ojgto|BR 479 5 F BEAH wE 7ol BAX=
Freofst Aol7h AT
TE 7] Fo43S HEstaat Aldg Tukey HSD
F24 Aol e V3 V4ol foido] il
v A At el fode] At (Tukey’s HSD
test(P<0.05).
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A7), 2 oA IS0 96939 A& FE-mA] A

Aol Ha AL H A< 25 MPa® TH48HAL 9

EA. A% e UET VI 32.37+1.91 MPao. 2
veb s, AETV2 38.25+1.38 MPa, AdT V3
46.43+2.14 MPa, 12|31 AFAT V4 47.21+1.72 MPa,
o2 Yeigon EAHoR {93 Ao]E HYrh
AFS- 7173 (Tukey’s HSD test) 23}, 297 = 2343}
AT Vi, RS ViEg 54 el

AA. S45-=A49 AgdA A EE YT LR
o AEA] B BEFY EAE EXEStL 243 7ol
= e o™, paste= T EARD £ BFEE

=
Aol ARl e AdEr o A HEkt

A, AT vaE 3537 B9 3T v ae) A
7P =A Hekuith

ARAE Al AR AE2 ZATASQl IS0
9693. Metal-ceramic dental restorative systems, 1999.
of A& sta7lel 7l =318 wEAINA Kot A
S A% ez A sdivks @A el Stk dew
TN 2313 AR el Ade] wE AT AS
wJojoF & Zlojtt
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